Immunofluorescence staining with fimbria-specific antibodies was used to study the organization of fimbriate cells in colonies of Escherichia coli strain 3040. The strain has both type-1 and S fimbriae and shows fast phase variation between the fimbrial types. Colonies stained in sectors whose length and number per colony were dependent on the fimbrial phase of progeny cells. It is proposed that such sectors result from fimbrial phase variation.
INTRODUCTION
Escherichia coli fimbriae are protein filaments that mediate bacterial adherence to mammalian cells (Salit & Gotschlich, 1977; Duguid & Old, 1980; Korhonen et al., 1980) . Specific adherence to host epithelium is associated with pathogenesis, e.g. in pyelonephritis (Svanborg Eden et al., 1976) and diarrhoea (Gaastra & de Graaf, 1982) .
E. coli fimbriae occur in many types characterized by binding specificity, serological properties and the clinical situation (Duguid & Old, 1980; Gaastra & de Graaf, 1982; VaisanenRhen et al., 1984) , and a particular strain is able to synthesize many fimbrial antigens (Jann et al., 1981 ; Korhonen et al., 1982; Rhen etal., 1983a) . Brinton (1965) and Duguid & Gillies (1957) demonstrated that E. coli cells carrying mannose-binding type-1 fimbriae can oscillate between a fimbriate and a non-fimbriate phase and genetical analysis of this on/off switch has been started (Eisenstein, 1981; Orndorff & Falkow, 1984) . To demonstrate heterogeneity in E. coli cell populations carrying type-1 , type-1 C, P or S fimbriae, we have fractionated bacterial populations by agglutinating with fimbria-specific antibodies (Rhen et al., 1983 6 ) or by adsorbing to erythrocytes and yeast cells (Nowicki et al., 1985) and by immunofluorescence staining (Nowicki et al., 1984) . Heterogeneity results from phase variation, i.e. alternate and reversible synthesis of different fimbrial types. A feature of fimbrial phase variation in E. coli is its rapidity; an overnight culture of fractionated subpopulations carrying only one fimbrial type produced colonies that were heterogeneous in respect to fimbrial antigens. We now describe structural heterogeneity in colonies of E. coli strain 3040 which carries type-1 and S fimbriae (Nowicki et al., 1985) .
M E T H O D S
Bacteria. E. coli strain 3040 (018ac : K I : H7) has been described previously (Nowicki et al., 1985; . For fractionation into S and type-l fimbriate subpopulations, the strain was cultured for 35 h in static Luria broth at 37 "C and adsorbed onto human 0 erythrocytes and yeast cells as described by Nowicki et al. (1985) . Subpopulations were cultured as single colonies on colonization factor antigen agar plates (Evans et al., 1975) covered with nitrocellulose membrane (Bio-Rad) and incubated for 24 h at 37 "C. inimunof(uorrscrrrce staining qf'colonies. Pieces of membrane ( 5 x 5 mm) were cut out and cells were fixed by placing the membrane on a drop of 3.5% (w/v) paraformaldehyde (Merck) in phosphate-buffered saline (PBS), rhodamine B isothiocyanate (TRITQconjugated anti-S fimbria IgG were those previously described (Nowicki et al., 1984 (Nowicki et al., , 1985 . The membranes were incubated for 30 min in a moist chamber on a drop of BSA-PBS containing lo-' dilutions of both conjugates and washed as above. In some experiments the membranes were stained and washed under gentle agitation. Samples were examined in a Zeiss fluorescence microscope with an IV FL epiilluminator.
RESULTS A N D DISCUSSION
The colonies examined were cultured from cells of the fractionated subpopulations. The fractionation method used has an efficiency of about 94% (Nowicki et al., 1985) , so the colonies obtained probably had originated from cells in a particular fimbrial phase. Fig. 1 shows micrographs of colonies originating from a type-1 fimbriate subpopulation. Fig.  1 (a) shows a colony stained with anti-type-1 FITC conjugate, and Fig. 1 (b) shows the same colony stained with anti-S TRITC conjugate. The membrane was not agitated in this experiment. FITC conjugate stained the colony surface evenly. Anti-S TRITC conjugate stained only edges of the colony surface in thin sectors. The sectors were more distinct in colonies from membranes that were agitated during staining (Fig. 1 c) . Agitation resulted in removal of cells from the upper layer of the colony and the cells shown in Fig. 1 (c) probably represented cells fixed to nitrocellulose membrane. Similar staining with anti-type-1 FITC was unsuccessful, since type-1 fimbriate cells were not detached from the colony or were removed in clumps. This probably resulted from strong interactions between type-1 fimbriate cells (Duguid & Gillies, 1957; Brinton, 1965) .
Figs 2(a) and 2(b) show colonies originating from the S fimbriate subpopulation and stained with anti-S TRITC conjugate under agitation. The dissimilarity to Fig. 1 (c) is clear; the short light sectors in Fig. l(c) probably represent growth of cells that had switched from a type1 fimbriate to an S fimbriate phase. The sectors differed in width and were longer and more numerous in the colonies in Figs 2(a) and 2(b) than those in Fig. 1 (c) . The dark sectors in Figs 2(a) and 2(b) probably signify cells that had switched into a type-1 or a non-fimbriate phase. Despite difficulties of staining type-1 fimbriate cells under agitation, we occasionally saw antitype-1 FITC-stained sectors in colonies of the S fimbriate subpopulation (not shown); such sectors did not overlap with TRITC-stained sectors. In the lower right-hand comer of Fig. 2(a) a boundary can be seen between two colonies that appear not to intermingle. Fig. 2(c) shows an anti-type-1 FITC staining of a colony of the S fimbriate subpopulation; the membrane was not agitated. As in Fig. 1 (b) , narrow sectors at the colony edges have bound a strong stain.
We conclude that we have demonstrated orderly heterogeneity in colonies of fimbriate E. coli 3040. We propose that the sectors result from fimbrial phase variation, shown to occur in E. coli 3040 and KS71 (Rhen et al., 1983b; Nowicki et al., 1984, 1985) . The immunofluorescence micrographs (Figs 1 and 2) are strikingly similar to those of Shapiro (1984) which show pgalactosidase staining with a transposing Mudlac phage and Pseudomonasputida. It is probable that the two phenomena result from a similar type of variation. Shapiro (1984) proposed that clonal exclusiveness, depending on surface markers, accounts for the sharp colonial sectors and intercolonial boundaries. The cause of clonal exclusiveness is unknown, and clarification of the role of fimbriae, and other surface antigens, in this phenomenon is a fascinating challenge.
